The notion that individuals have an internal reference price against which they compare observed prices is well supported by several psychological theories. Empirically, several papers in the marketing literature, employing scanner panel data, have modeled the impact of reference prices on brand choice via the sticker shock formulation, in which consumers evaluate choice alternatives using differences between shelf prices and reference prices. Most of the studies reported thus far have not accounted for heterogeneity in price response among consumers and have typically imputed reference prices from the shelf prices of brands that a consumer is supposed to have "observed" on previous purchases in the category. Since category marketing activity can differentially affect the purchase timing of households, we argue that this measure of reference price may follow certain systematic patterns across consumers and, when combined with unaccounted for price response heterogeneity, may result in a spurious sticker shock effect. Specifically, we show that estimates of sticker shock are biased upward if households that are price-sensitive in the brand choice decision are also more responsive to category promotion activity in their purchase timing decision.
The notion that individuals have an internal reference price against which they compare observed prices is well supported by several psychological theories. Empirically, several papers in the marketing literature, employing scanner panel data, have modeled the impact of reference prices on brand choice via the sticker shock formulation, in which consumers evaluate choice alternatives using differences between shelf prices and reference prices. Most of the studies reported thus far have not accounted for heterogeneity in price response among consumers and have typically imputed reference prices from the shelf prices of brands that a consumer is supposed to have "observed" on previous purchases in the category. Since category marketing activity can differentially affect the purchase timing of households, we argue that this measure of reference price may follow certain systematic patterns across consumers and, when combined with unaccounted for price response heterogeneity, may result in a spurious sticker shock effect. Specifically, we show that estimates of sticker shock are biased upward if households that are price-sensitive in the brand choice decision are also more responsive to category promotion activity in their purchase timing decision.
We discuss some general conditions under which the bias occurs and conduct a simulation experiment to confirm our specific hypotheses. Our simulation results show that changes in purchase timing are a critical determinant of the bias in the sticker shock effect. We also show that unaccounted for price response heterogeneity can in itself result in a biased sticker shock parameter; however, this requires very large differences in price sensitivities across consumers, far greater than what is normally observed.
We develop a hierarchical Bayes version of the nested logit model, which models heterogeneity via individual-level parameters in a continuous random effects framework. We estimate the model on scanner panel data from the yogurt and ketchup categories. We find, in both categories, that the 95% probability interval of the posterior distribution of the mean sticker shock coefficient contains the value zero. Therefore, at least for the data used in this study, there is no evidence for the sticker shock effect at the aggregate level. In contrast, the corresponding coefficient from a standard model (which ignores this heterogeneity) is highly significant and supports the existence of a (possibly spurious) sticker shock effect. Consistent with our explanation of the underlying cause of the bias, households that are more price-sensitive in the choice decision are also found to be more responsive to category promotion activity in their decision to purchase in the category.
The results highlight the measurement problems associated with imputing reference prices from past prices. Since the frequency, duration, and price level of a retailer's promotional program depend on its size and prevalence, accurate estimates of the sticker shock effect are essential for formulating optimal promotion strategies. An adequate accounting of consumer heterogeneity is critical to this effort. (Hierarchical Bayes Approach; Choice Models; Buyer Behavior; Reference Price) 
Introduction
The notion that individuals have an internal reference price against which they compare observed prices is well supported by several psychological theories, notably the Adaptation-Level Theory (Helson 1964) , Assimilation-Contrast Theory (Sherif et al. 1958) , and Prospect Theory (Kahneman and Tversky 1979) . Several researchers (e.g., Winer 1986, Lattin and Bucklin 1989) have incorporated the impact of reference prices on consumers using disaggregate models of brand choice behavior. The most common approach used to capture the hypothesized impact of reference price in empirical brand choice models is to include in the utility function of a logit choice model, a variable, commonly referred to as the "sticker shock" term (Winer 1986) , that represents the difference between a brand's reference price and its current shelf price. A positive coefficient for the associated parameter is interpreted as evidence for the sticker shock effect. These models have also been extended to incorporate more sophisticated responses to reference prices, including asymmetries in response to gains and losses (e.g., Kalwani et al. 1990 ) and zones of indifference around reference prices (Kalyanaram and Little 1994) .
Previous empirical applications of the sticker shock model share three common features. First, model estimation has not accounted for heterogeneity in price response among consumers (Briesch et al. 1997 is an exception). Second, because reference price is a latent construct that is not directly observable, it has been imputed from the price series in the data. Finally, the imputed reference price measure has been based on those trips on which consumers actually made a purchase in the category. As a result, the imputed measure directly incorporates the impact of pricing and promotion activity on the purchase timing decision-a behavior that has been extensively studied in the marketing literature, e.g., Gupta (1988) , Jain and Vilcassim (1991) , Bucklin and Gupta (1992) .
In this paper, we show that unaccounted-for price response heterogeneity can bias estimates of the sticker shock parameter if consumers who are more pricesensitive in the brand choice decision are also more responsive to category marketing activity in the purchase timing decision, a relationship supported by some previous empirical findings ( Gupta 1992, Bucklin et al. 1998) . We note that our study and results do not dispute the theoretical underpinnings or the existence of reference prices, but highlight the problems associated with the manner in which they have been measured, and reference price effects estimated, in empirical brand choice models.
The findings from our research parallel those of Bell and Lattin (1998) , who also show that unaccounted-for price response heterogeneity can bias estimates of reference price effects. However, the two studies also differ in several important ways. First, while Bell and Lattin (1998) analyze the less commonly used reference dependent formulation (Hardie et al. 1993) , that employs a single category reference price, we study the more widely used sticker shock model in which reference prices are brand-specific. Second, while they focus exclusively on price response heterogeneity, we also analyze the important role played by purchase timing heterogeneity. Third, in contrast to their work, we conduct an extensive simulation to study the conditions under which the bias occurs.
Under the conditions stated previously, pricesensitive households are more likely to purchase in the category when it is more "attractive," i.e., when one or more brands is on promotion, while price-insensitive households are less likely to change the timing of their purchases because of promotional activity. Therefore, observed across-brand shelf prices are lower for pricesensitive households than for insensitive households, and reference price measures imputed from prices on previous purchase occasions also display the same pattern. Because this pattern of reference prices mimics the unaccounted for response heterogeneity, it can result in a spuriously significant sticker shock parameter.
The biasing effects of unobserved heterogeneity on parameter estimates in models of choice and purchase incidence has been previously highlighted by several researchers in marketing. For example, in the brand choice literature, Gonul and Srinivasan (1991) show that a simple heterogeneity specification tends to understate the impact that marketing variables have on brand choice behavior. Chintagunta (1992) reports that ignoring similarities across choice alternatives results in incorrect estimates for marketing mix effects. Similarly, the results of Jain and Vilcassim (1991) and Chintagunta (1993) demonstrate the critical impact that unobserved heterogeneity can have on parameter estimates in models of category purchase decisions.
Recently, researchers have proposed several hierarchical Bayes models, based on both probit Rossi 1994, Rossi et al. 1996) , and logit choice probabilities (Allenby and Lenk 1994 , which flexibly incorporate consumer response heterogeneity, and have documented the enormous variations in household priceresponsiveness in frequently purchased package goods categories. This empirical finding makes it more likely that the reference price measurement problem described above exists, and results in incorrect estimates of sticker shock effects. Based on this background, and our desire to investigate brand choice and purchase timing decisions together, we formulate a hierarchical Bayes version of the nested logit model that incorporates response heterogeneity via householdlevel parameters in a continuous random effects framework.
We estimate this model on scanner panel data from the yogurt and ketchup categories and find that, in both categories, the 95% probability interval of the posterior distribution of the mean sticker shock coefficient contains the value zero. Therefore, at least for these data sets, the results do not support the existence of a sticker shock effect as operationalized in previous research. In contrast, the sticker shock coefficient obtained from a standard nested logit model, which does not account for price response heterogeneity, is statistically significant. In both categories, consistent with our explanation of the underlying cause of the spurious effects, we find that households that are pricesensitive in the choice decision are also more sensitive to category promotion activity in their purchase incidence decision.
The remainder of the paper is organized as follows. Section 2 presents a stylized model to describe the mechanism of parameter bias. Section 3 describes both the standard and hierarchical Bayes nested logit models used in the estimation. Section 4 describes a simulation study that establishes the conditions under which the bias occurs. Section 5 discusses the empirical application and results from our analysis of scanner panel data. Section 6 summarizes our conclusions and provides directions for future research.
Understanding the Mechanism of Sticker Shock Bias
We begin with a general model of choice that includes a sticker shock effect. Because we are particularly interested in examining the conditions that can produce spurious estimates of the sticker shock coefficient, we consider a special case of this model in which reference prices do not influence brand choice. Thus, assuming that the "true" model underlying brand choice behavior does not include a sticker shock effect, we analyze the consequences of estimating a "misspecified" model, which ignores price response heterogeneity and (incorrectly) includes a sticker shock term. We discuss the conditions under which the sticker shock coefficient obtained from this misspecified model can be spuriously significant.
A General Model of Sticker Shock Choice
The deterministic component of household h's utility for brand i on occasion t is given as: tively, across households. To illustrate the logic underlying the bias more clearly, other terms are omitted from the utility specification.
Description of the True Model
We analyze a special case of Equation (1) in which households are assumed not to respond to reference prices, i.e., b mrp ‫ס‬ 0, and ‫ס‬ 0. The deterministic 2 r e component of household h's utility for brand i on occasion t is given by:
Analysis of the Misspecified Model
We take the position of an analyst who (incorrectly) ignores differences in price sensitivity across households, and captures price responsiveness by the single common price parameter, b c . An additional misspecification error is introduced by including in each brand's utility function a sticker shock term-the difference between its reference price and its actual price. The resulting utility function, similar to that used in previous research, is:
which may also be rewritten as,
An estimate of b rp Ͼ 0 would (incorrectly) imply that consumers experience sticker shock in the brand choice decision. We now briefly describe commonly used approaches to impute reference prices from past prices, and we show how these measures can result in a spuriously significant estimate of b rp .
Measuring Reference Price. Because reference price is an internal, latent construct, it has to be imputed from the prices paid (or observed) by the consumer on previous shopping occasions. The standard approach has been to operationalize reference price as a function of brand prices "observed" by the consumer on those trips on which a category purchase actually occurred. Kalyanaram and Little (1994) use an exponentially smoothed measure of past shelf prices encountered by a consumer and estimate the smoothing parameter to be 0.82, implying that the most recent price has the maximum influence on reference price. Kalwani et al. (1990) summarize the impact of the previous five prices and find the most recent price to be weighted most heavily. Rajendran and Tellis (1994) use the weighted mean of the previous three prices with the most recent price weighted most heavily as a brandspecific temporal reference price.
1 Mayhew and Winer's (1992) exponential smoothing of past prices resulted in an optimal smoothing constant of one and led them to set reference price equal to that observed 1 In addition, they introduce deviations from a category-specific contextual reference price, Rc t , operationalized, alternatively, as the lowest, mean, and highest of the prices observed on the current purchase occasion. Since Rc t is common across brands, it drops out of the logit equation. Thus, in their estimated model, an actual price and a brand-specific temporal reference price remain. on the previous purchase occasion, i.e., ‫ס‬ h RPRICE it . A similar approach is also used by Bell and PRICE i(t‫)1מ‬ Bucklin (1999) .
Consistent with these findings and with earlier operationalizations of the reference price construct, we set the reference price of a brand equal to its price on the previous purchase occasion. While this definition has the added advantage of simplifying our exposition in this part of the paper, we note that the logic that we describe carries over to more complicated measures of reference price which are based on the past prices that the consumer is supposed to have actually paid or observed. Moreover, in our empirical analysis, we also re-estimate our model using a reference price measure that exponentially smoothes past prices, and we find a statistically insignificant sticker shock effect after properly accounting for response heterogeneity.
Role of Purchase Timing. A significant body of previous research has investigated the impact of marketing activity on the purchase timing decision (Gupta 1988 , Jain and Vilcassim 1991 , Helsen and Schmittlein 1993 . Bucklin and Gupta (1992) and Bucklin et al. (1998) provide some empirical evidence that shows that price-sensitive consumers have a greater tendency to change purchase timing to coincide with promotional activity than price-insensitive consumers.
This empirical finding suggests that price-sensitive consumers may be more likely to make a purchase when the category is "attractive," i.e., when one or more brands is on promotion. Price-insensitive consumers, on the other hand, will be less likely to change the timing of their purchases because of promotional activity, hence a smaller proportion of their purchases will coincide with promotional activity. The observed across-brand shelf prices and, consequently, the imputed reference prices for the next purchase occasion, will be lower for the price-sensitive consumers than for the price-insensitive consumers.
A comparison of Equations (2) and (4) shows that a positive value for the sticker shock coefficient, b rp , can compensate for omitted response heterogeneity. In other words, a positive b rp makes (b c ‫מ‬ b rp ) more negative, providing a better representation of the behavior of the price-sensitive households. Moreover, this compensating mechanism also permits b c to take on a value which better represents the less price-sensitive households. Overall, the presence of b rp makes the model more flexible in representing the underlying price heterogeneity than a standard logit model-b c captures the response of households that are price-insensitive, while b c and b rp together capture the response of those who are price-sensitive.
A similar effect could also be produced by large variations in brand choice price sensitivity, i.e., when 2 r d is very large. A possible outcome under this condition is that lower priced brands may be exclusively purchased by the extremely price sensitive households, and the higher priced brands by the price-insensitive households. This outcome could result in the reference price variable and the omitted variable being correlated, even without heterogeneity in purchase timing, resulting in a spurious sticker shock parameter. In our simulation, we study how the range of price responsiveness impacts the bias in the absence of differences in purchase timing across the segments. We find that only very large differences in responsiveness result in significant bias and that the implied range of price elasticities is much larger than has been observed in practice (Tellis 1988) . In contrast, we find that even moderate differences in price responsiveness, when combined with heterogeneity in purchase timing, can result in a biased sticker shock parameter.
Estimated Models
Previous research has primarily analyzed the impact of the sticker shock term via a multinomial logit model of brand choice behavior. Because it is important to capture fully any theoretical argument in the empirical model specification, and because we argue that aspects of purchase incidence behavior can play an important role in biasing the sticker shock coefficient, we incorporate the multinomial brand choice model within a nested logit model of purchase incidence. In the empirical application, the use of this formulation enables us to confirm that the hypothesized relationship between brand choice and purchase incidence behavior is consistent with our theoretical argument. Three versions of these models are estimated.
Nested Logit (NL) Model
In this baseline model, consumers choose a brand without relying on an internal reference price and share the same response parameters. The NL model specifies the probability of brand choice for household h on occasion t, conditional on a category purchase, as:
denotes the deterministic component of utility for h U it each alternative i that is a function of both householdspecific, and marketing mix variables, with an associated parameter vector b. The probability of purchase incidence for household h, conditional on a store visit at time t, is given by (e.g., Bucklin and Gupta 1992) :
where denotes the deterministic component of utilh V t ity for purchase incidence, which is a function of household and marketing mix variables and associated parameter vector c.
Nested Logit Sticker Shock (NL-ST) Model
The NL-ST model calls for augmenting the NL brand choice utility function with the sticker shock term, i.e., the difference between a brand's reference price and its shelf price. A brand's reference price is assumed to be its price on the last occasion on which the household made a purchase in the category. Brand choice and purchase incidence probabilities are given by Equations (5) and (6), respectively. The choice and incidence parameters, b and c, respectively, for both the NL and the NL-ST models are obtained by maximum likelihood.
Hierarchical Bayes Sticker Shock (HB-ST)
Model We also formulate a hierarchical Bayes model of incidence and sticker shock choice in which heterogeneity in choice and incidence parameters is modeled in three stages. In the first stage, the brand choice and purchase incidence models are written with household-specific parameters. In the second stage, the prior (population) distribution over the household-specific parameter vectors,
), is specified as multivariate normal, i.e., h h ϳ MVN(l, R). The covariance matrix of household parameter vectors, R, captures the unobserved source of heterogeneity across households.
Since the fully Bayesian approach requires priors over unknown quantities in the model, the third stage of the model specifies hyper-priors over the parameters of the population distribution, l and R. We assume a multivariate normal hyper-prior over l, MVN (g, C) , and a Wishart prior over R, W[(qR) ‫1מ‬ , q], following the standard approach suggested in the statistics literature (Gelfand and Smith 1990, Gelfand et al. 1990 ). Details on each prior are provided in Appendix A. This hierarchical Bayes set up involves evaluating high-order multivariate normal integrals required in formulating the posterior density, making it practically impossible to use conventional maximum likelihood estimation techniques. We circumvent this problem by using sampling-based Bayesian approaches that build upon Markov Chain Monte Carlo (MCMC) methods (Gelfand and Smith 1990 , Chib and Greenberg 1995 . Using the sampling-based approach permits one to account properly for uncertainty in inferences and to make exact (as opposed to asymptotic) inference possible with any desired precision (McCulloch and Rossi 1994) .
Sampling from the joint posterior distribution is achieved by sampling from the full conditional distributions, known as substitution sampling (Details on the full conditional distributions for model parameters are provided in Appendix B). If all the full conditional distributions are known (i.e., known conjugate distributions such as a normal and a Wishart), then substitution sampling reduces to a procedure known as Gibbs Sampling (Geman and Geman 1984, Gelfand and Smith 1990) . If the full conditional distributions are not completely known (i.e., known only up to a normalizing constant), then a Metropolis-Hastings step is used (Tierney 1994, Chib and Greenberg 1995) . For the HB-ST model, the (m ‫ם‬ 1)th step of the substitution sampling involves generating the following draws:
(a) Generate h h draws from p(h h(m‫)1ם‬ |R (m) , l (m) ) for h ‫ס‬ 1 to H, using a Metropolis-Hastings algorithm.
(
(m) , q, R), using a Gibbs sampler. This sequence of draws generates a Markov chain whose stationary distribution is the joint posterior distribution of all unknown parameters. The initial draws (1st to mth) from the chain reflect a transient period in which the chain has not converged to the equilibrium distribution, and is therefore discarded. A sample of draws obtained after convergence is used to make posterior inferences about model parameters. It should be noted that this sampling-based procedure generates the entire posterior distribution of interest, rather than just a point estimate. Given that we expect substantial uncertainty in inferring household parameters with only a small number of observations, it is critical that we should also measure properly the uncertainty of estimates (Rossi et al. 1996) . In our application, the substitution sampler was run for 15,000 iterations and convergence was ensured by monitoring the time-series of the draws. We chose a burn-in length of 10,000 iterations and retained every fifth iteration ("thinning the chain," Raftery and Lewis 1995) of the remaining 5,000 iterations to reduce the serial correlation of the sampled draws. Therefore, 1,000 draws from the posterior distribution of each parameter were used to make inferences.
Simulation Study
We conduct a simulation experiment to study the conditions under which the unaccounted price response heterogeneity produces a biased sticker shock coefficient. The simulation varies two factors, each with two levels. The factors are price response heterogeneity (moderate or extreme) and purchase timing heterogeneity (present or absent). In each experimental cell, we simulate choices of hypothetical panelists corresponding to the true model of Equation (2), i.e., assuming that consumers do not respond to reference prices. The "plain" Nested Logit (NL) model, the corresponding sticker shock model (NL-ST) and a Hierarchical Bayes version of this model (HB-ST) are then estimated on the simulated data.
Based on our earlier analysis, we make three predictions about the parameters obtained from the misspecified NL-ST model corresponding to Equation (3). First, the parameter b rp will be spuriously positive and significant when heterogeneity in purchase timing is present across households, whether price response heterogeneity is moderate or extreme. Second, b rp will not be biased when purchase timing heterogeneity is absent if price response heterogeneity is moderate. Third, the common price parameter b c will be smaller in absolute value than the estimate obtained from the NL model. In addition, we expect that the HB-ST model, which appropriately accounts for price heterogeneity, will not produce a spuriously significant sticker shock coefficient.
Data Generation
Category purchases were simulated via a nested logit, and brand choice decisions via a multinomial logit, for 400 hypothetical households. Household-level price response parameters in the brand choice decision were drawn from a normal distribution. Each household encountered 60 different store environments, i.e., made 60 shopping trips. We generated 60 prices for each of three hypothetical brands of which the first two, A and B, were assumed to be national brands while the third C, was a lower-priced generic brand. Price and promotional levels are shown in Table 1 . On each shopping trip the utility of each brand was calculated based on the utility functions shown in Table 1. The brand-specific constants were chosen to reflect the higher preference for the national brands. The decision to purchase in the category was modeled using a nested logit model in which the incidence utility was specified as a function of a constant and the category value (CV) as follows: that the overall incidence probability for each household resulted in approximately 15 category purchases. The probability of category purchase is given by:
If a draw from the binomial vector P h (inc) resulted in a predicted category purchase, then the brand choice decision was simulated using the multinomial logit choice probability vector. If the draw resulted in a nonpurchase, we repeated the above steps for the next store environment. Thus, the resulting data set contained about 6,000(15 ‫ן‬ 400) "choice" observations and 18,000(45 ‫ן‬ 400) "nonpurchase" occasions.
Specifying Parameter Values for Choice and Incidence Decision.
Choice: In a meta-analysis of 367 price elasticities, Tellis (1988) reports elasticities in the range from ‫2ם‬ to ‫01מ‬ with a vast majority falling in the range ‫1מ‬ to ‫.9מ‬ Based on these values, for the moderate price response heterogeneity condition, b h was drawn from a Normal(‫,3מ‬ 1 2 ) distribution, which implies that 95% of elasticities lie in range from ‫52.1מ‬ to ‫03.01מ‬ and that the market-level elasticity is ‫.31.4מ‬ The chosen range of elasticities is also consistent with that implied by the price parameters estimated by Arora et al. (1998) . For the extreme heterogeneity condition, b h was drawn from a Normal ‫2,3מ(‬ 2 ) distribution, which implies that 95% of elasticities lie in the range from 0.66 to ‫.09.41מ‬
Incidence: Depending on the simulated values of the price parameters, we generate data for two scenarios. In the first, we explicitly allowed the decision to purchase in the category to be linked to the price sensitivity of the household, i.e., price-sensitive households are more likely to change their purchase timing decision based on price and promotion activity in the category. Consistent with results of earlier empirical analysis Gupta 1992, Bucklin et al. 1998 ), the CV parameter was set to be 0.7 for the high pricesensitive households (price parameters smaller than ‫)3מ‬ while it was set to be 0.2 for the low price-sensitive households (price parameters greater than or equal to ‫.)3מ‬ In the second condition, the category value response parameters were set equal to 0.2 for all households, implying the existence of price response heterogeneity without accompanying differences in purchase timing responsiveness.
Simulation Results

Condition 1. Moderate Price Response Heterogeneity/Purchase Timing Heterogeneity Present.
Detailed parameter estimates obtained from fitting all three models in the above experimental condition are displayed in Table 2 , along with the mean of the population parameter values used to generate the data.
According to Table 2 , the coefficient for the sticker shock term in the NL-ST model is positive and significant even though the true model does not include a reference price term in the utility function. Additionally, in line with our predictions, the price coefficient for the NL-ST model has a smaller absolute value than its counterpart in the NL model (2.329 Ͻ 2.583). These results confirm that, compared to a standard logit model, the introduction of the sticker shock term increases model flexibility, permitting the common coefficient b c to represent better the price response of the insensitive households. As is to be expected, parameter estimates are found to be seriously biased in the absence of heterogeneity correction.
In contrast, the posterior probability interval of the mean sticker shock coefficient obtained from the HB-ST model, i.e., the Bayesian equivalent of the confidence interval for the estimate of the population mean, contains the value zero.
2 Thus, accounting for price response heterogeneity via household-specific price coefficients causes the spurious sticker shock effect to disappear. We also constructed the 95% probability interval of the sticker shock parameter estimated at the household level. Consistent with the data generation mechanism, this interval included zero for 399 out of the 400 households. As seen in Table 2, the HB-ST   2 We estimated model parameters starting multiple chains of a hybrid of the Gibbs sampler and the Metropolis-Hastings algorithm with different starting values and found that, in all cases, the parameters were recovered by the model. model also recovers the other parameters remarkably well.
Condition 2. Moderate Price Response Heterogeneity/Purchase Timing Heterogeneity Absent. In contrast to the results reported directly above, we find in this condition, that the coefficient for the sticker shock term is insignificant. Estimates of the sticker shock effect obtained from the NL-ST for this condition appear in the second row of Table 3 . This results implies that unaccounted for heterogeneity in price response may not always be sufficient to obtain a spuriously significant sticker shock effect. Table 3 , show that extreme price response heterogeneity is sufficient to cause biased estimates of the sticker shock coefficient, even when purchase timing heterogeneity is absent. However, the implied range of elasticities in this case is much larger than that reported in previous research (Tellis 1988) . Therefore, within the empirically observable range of price response heterogeneity (i.e., the moderate case), differences in purchase timing responsiveness play an important role in determining the extent of bias.
Condition 4. Extreme Price Response Heterogeneity/ Purchase Timing Heterogeneity Present.
The results, presented in the last row of Table 3, indicate that extreme price response heterogeneity in the choice decision, when combined with heterogeneity in purchase timing, can increase the bias in the sticker shock parameter.
Robustness Check. Extending Condition 1 to Include a Sticker Shock Term. Thus far, we have established the circumstances under which estimating the standard model results in a spuriously significant sticker shock coefficient, when the true model does not include a sticker shock term. We have also shown that, in this setting, the HB-ST model does not result in a spuriously significant coefficient.
To establish the ability of the HB-ST model to detect sticker shock effects when they are actually present, we extend the simulation so that the data generating model in Condition 1 includes a sticker shock term. Thus brand utility is calculated according to Equation (1). In addition to the parameters and probability distributions already specified in Condition 1, we also draw a sticker shock coefficient for each household from a Normal (0.5, 0.3 2 ) distribution. 3 The HB-ST 3 To guide our selection of the distribution of sticker shock parameters, we examined the empirical results reported in previous remodel was estimated on the resulting simulated choice data. The estimated value, and associated 95% probability interval, for the estimated mean sticker shock parameter was found to be 0.630 [0.431, 0.83], which includes the true value of 0.5. 4 We also examined the 95% probability interval of the posterior distribution of the coefficients at the individual household level and found that, for all 400 households, these intervals included the true value used to generate the choices. In summary, these results confirm the ability of the HB-ST model to recover the sticker shock coefficient.
Empirical Application
To examine our predictions further, we conduct an empirical test using scanner panel data from the yogurt and ketchup categories. The HB-ST, NL-ST, and NL models are estimated on each dataset. Because the HB-ST model accounts for heterogeneity in all parameters across consumers and eliminates the source of sticker shock bias, we expect estimates of the sticker shock effect to be attenuated and to represent the true impact of reference prices on brand choice. Based on our earlier analysis, we expect the sticker shock coefficient from the NL-ST model to be positive and statistically significant.
Data
The data for this study are drawn from A. C. Nielsen scanner panel records in the yogurt and ketchup categories for households in Sioux Falls, South Dakota, for the period 1986-1988. The last 51 weeks of the data were used for model calibration, and the preceding 61 weeks were used for initializing model variables. Households qualified for inclusion in the sample if they made at least one grocery purchase every four weeks over the entire study period and made at least search. We first identified those papers in which the model formulation, the price levels, and the manner in which prices and reference prices were operationalized were similar to those used in the simulation, e.g., Lattin and Bucklin (1989) . To be conservative, the parameters of the distribution of the sticker shock coefficient were chosen so that the implied range was slightly larger than that reported in these papers, without overly affecting the implied price elasticities for this condition. one product purchase in both initialization and calibration periods. Out of the qualified households, 400 were randomly selected from each product category for model calibration (42,954 shopping trips and 3,852 purchases in the yogurt category, 44,631 shopping trips and 2,476 purchases in the ketchup category). The top seven selling brands are included in the study. Together, these accounted for 84% (85%) of category sales in dollars, and 89% (87%) in units for the yogurt and ketchup categories, respectively. These brands, their market shares by units, and average prices per ounce are given in Table 4 .
Model Variables
The deterministic component of utility in the brand choice decision, for each alternative i, is specified as a function of the following household-specific and marketing mix variables: Consumption rate is computed as the total amount of product purchased by a household h in the initialization period divided by the number of weeks in the period. The inventory variable, , constructed accordh INV t ing to the procedure described in Bucklin and Gupta (1992) , is a measure of relative inventory within a household and is designed to capture the time-varying heterogeneity in incidence probabilities.
Results and Discussion
NL and NL-ST Models. Fit statistics and parameter estimates for these models are presented in Table 5 . In both categories, the NL-ST model provides a better fit than the NL model and results in a sticker shock coefficient that is positive and significant. Also, as per our prediction, in both categories, the common price parameter b c in the NL-ST model is larger than the corresponding value in the NL model. Other parameters are very similar across the two models.
HB-ST Model. The superior fit of hierarchical Bayes random coefficients models has been documented elsewhere (Rossi et al. 1996 . Thus, we do not report extensive fit comparisons with the NL and NL-ST models, but confine our discussion to the parameter estimates. As is usual for Bayesian inference (e.g., Lenk 1993, Allenby and Rossi 1998) , we present the results in terms of the posterior distribution of the parameters, i.e., the posterior estimate of the mean l and its associated 95% probability interval. Results are reported in Table 6 . In both categories, the 95% probability interval for the mean sticker shock coefficient contains the value zero. Thus, properly accounting for price response heterogeneity mutes the impact of reference price and, for these datasets, the mean sticker shock effect disappears completely. In addition, another state-dependent variable, LBP, is insignificant in both categories supporting the notion that state dependence is attenuated by accounting for heterogeneity (Heckman 1981) . Ainslie and Rossi (1998) report similar results for the ketchup and tuna categories.
An analysis of the sticker shock coefficients at the household level permits us to quantify the extent to which the sticker shock effect is prevalent. We constructed the 95% probability interval for each household-level posterior mean in both categories. We found that this interval contained zero for all but 9.75% of households in the yogurt category and 5.25% in the ketchup category, implying that only a very small proportion of households seem to experience sticker shock.
Alternative Formulations of Reference Price. Briesch et al. (1997) compare different approaches used to impute reference prices and conclude that an exponentially smoothed reference price measure based on a brand's price history provides the best fit. We reestimated the NL-ST model after operationalizing the reference price as RP it ‫ס‬ RP i(t‫)1מ‬ (1 ‫מ‬ ␣) ‫ם‬ P i(t‫)1מ‬ ␣. This measure provided a very slight improvement (about one log-likelihood point) in fit over the current measure, RP it ‫ס‬ P i(t‫)1מ‬ , and ␣ was estimated to be 0.72 (0.56) for the yogurt (ketchup) category. We then reestimated the HB-ST model using this measure of reference price, and found our results unchanged, i.e., the 95% probability interval for the mean sticker shock coefficient still contained the value zero while the other parameter values were virtually the same. in both categories, that the difference in magnitude between the gain and loss coefficients was statistically insignificant-providing no evidence for loss aversion. 6 The same results held for the HB-ST model.
Relationship Between Price Sensitivity and Responsiveness to Category Value. Previously in the paper, we had argued that estimates of the sticker shock effect can be adversely impacted if households that are price-sensitive in the choice decision are also more responsive to price and promotion in the category purchase decision. To provide support for this argument, we can examine the correlation between a household's CV parameter and its price parameter. Therefore, during estimation, we also simultaneously 6 The ratio of the loss coefficient (b l ) to the gain coefficient (b g ) was also insignificant. The variance of the ratio (k ‫ס‬ b l /b g ) is given by Kramer's Theorem, i.e., (‫ץ‬k/‫ץ‬b i )ЈR(‫ץ‬k/‫ץ‬b i ) where R is the variance covariance matrix for the estimated parameters b i for i ‫ס‬ l, g. These results confirm that, in both categories, greater responsiveness to category value is associated with higher price sensitivity in the choice decision.
Conclusion
The reference price construct, and its role in the brand choice decision, has been extensively investigated by researchers in marketing using secondary data from scanner panels. Consumer heterogeneity also has a rich modeling tradition in the marketing literature, and several papers have highlighted its important influence on parameter estimates obtained from choice and incidence models. However, most previously reported results on reference price effects have been based on models that have not adequately accounted for response heterogeneity.
The current work studies the impact of unaccounted-for heterogeneity on estimates of the sticker shock effect. The analysis reveals two conditions which influence the extent of upward bias in the sticker shock coefficient. First, the estimated model incompletely accounts for true differences in price sensitivities among consumers. Second, heterogeneity in purchase timing systematically varies with the underlying price responsiveness. Based on this analysis, several predictions about the nature of parameter bias are made, and confirmed via a simulation study. Results from the study also show that while unaccounted for price response heterogeneity can, in itself, result in biased estimates of the sticker shock effect, the implied range of price response variation is much larger than observed in practice.
A hierarchical Bayes version of the nested logit model, which captures heterogeneity in a continuous random effects framework, is formulated and estimated on scanner panel data from two product categories. In contrast to the standard nested logit model with a sticker shock term, that does not account for price response heterogeneity, the 95% probability interval of the mean sticker shock parameter in the HB-ST model includes the value zero. For both these data sets, therefore, the results do not support the existence of a sticker shock effect as operationalized in previous research. Consistent with our explanation of the underlying cause of bias, greater responsiveness to category value is associated with higher price sensitivity in the choice decision. Overall, these results provide strong support for our theory of the determinants of sticker-shock bias and underscores the important role played by purchase timing heterogeneity.
Our results complement those of Bell and Lattin (1998) , who focus on the reference dependent formulation of reference price. Their explanation for bias is consistent with our analysis. Thus, in their work, gains and losses mimic the pattern of price heterogeneity of the underlying segments and play the same role as the sticker shock term does in our model. Our empirical work in two product categories (yogurt and ketchup) shows that accounting for price response heterogeneity results in an insignificant sticker shock coefficient. Their results show that loss aversion is significantly attenuated in all twelve categories that they analyze, disappearing in five of them.
Recent work in the marketing literature has used reference price effects to derive optimal promotion and pricing policies (Koppalle et al. 1996 , Greenleaf 1995 . Accurate estimates of the size and prevalence of reference price effects are critical to the development of these strategies; our research highlights the importance of accounting for consumer heterogeneity in obtaining such estimates.
Future research could take several directions. Laboratory and survey work could be used to uncover the mechanisms that consumers actually use to form reference prices in different product categories. Besides providing a useful framework to understand the construct, this research may suggest better heuristics for formulating reference price measures to be used in studies using secondary data sources. Another fruitful area for research is modeling the structural (or model) uncertainty associated with how consumers respond to reference prices. A Bayesian model averaging approach (Draper 1995) could be implemented via a flexible model in which some consumers responded to a common category level reference price (via the reference dependent model) while others used a brandspecific reference price (the sticker shock model). Still others might not respond to reference prices at all. Such a model could potentially provide better insights than can be obtained by using any one of the models individually.
The objective of this research was to describe the mechanism by which response heterogeneity could bias estimates of the sticker shock effects of reference price. Our work points out some of the limitations of previous studies and shows that considerable additional analysis, employing a more complete treatment of response heterogeneity, perhaps over multiple categories, will be needed to describe accurately the formation and role of reference prices in brand choice.
